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Summary
Objective: To determine if the clinical results after microfracture of full-thickness cartilage lesions deteriorate over a period of 36 months.
Methods: Between 1999 and 2002 85 patients (mean age 39.5 years) with full-thickness cartilage lesions underwent the microfracture
procedure and were evaluated preoperatively and 6, 18 and 36 months after surgery. Exclusion criteria were meniscal pathologies, axial mal-
positioning and ligament instabilities. Baseline clinical scores were compared with follow-up data by paired Wilcoxon-tests for the modiﬁed
Cincinnati knee and the International Cartilage Repair Society (ICRS)-score. The effects of the lesion localization and Magnetic resonance
imaging (MRI) parameters were evaluated using the Pearson correlation and independent samples tests.
Results: Both scores revealed signiﬁcant improvement 18 months after microfracture (P< 0.0001). Within the second 18 months after surgery
there was a signiﬁcant deterioration in the ICRS-score (P< 0.0001). The best results could be observed in chondral lesions of the femoral
condyles. Defects in other areas of the knee deteriorated between 18 and 36 months after microfracture. MRI 36 months after surgery
revealed best defect ﬁlling in lesions on the femoral condyles with signiﬁcant difference in the other areas (P< 0.02). The Pearson coefﬁcient
of correlation between defect ﬁlling and ICRS-score was 0.84 and signiﬁcant at the 0.01 level.
Conclusions: Microfracture is a minimal invasive method with good short-term results in the treatment of small cartilage defects. A deteriora-
tion of the results starts 18 months after surgery and is most evident in the ICRS-score. The best prognostic factors have young patients with
defects on the femoral condyles.
ª 2006 Published by Elsevier Ltd on behalf of OsteoArthritis Research Society International.
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Microfracture is one of many methods available to treat ar-
ticular cartilage lesions. The technique has been elaborated
by Steadman et al. and applied chieﬂy in young athletes
and in young patients generally1,2. There are some inherent
advantages. The microfracture technique is minimally inva-
sive because it is arthroscopic through standard portals in
most cases. In comparison to an abrasion chondroplasty
the subchondral bone plate is not completely destructed
1Parts of the study were presented at the nineteenth and twenty-
ﬁrst annual congress of the International Society for Orthopaedics
Traumatology and Sports Medicine, Munich, Germany, June 2004
and May 2006 at the ﬁrst common annual congress for orthopaedic
and trauma surgery, Berlin, Germany, October 2005, and at the
sixth ICRS-symposium (International Cartilage Repair Society) in
San Diego, USA, January 2006.
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Received 21 June 2005; revision accepted 9 May 2006.1but partially preserved between the microfracture holes
improving load-bearing characteristics following healing3.
In contrast to Pridie drilling no heat necrosis or polishing
is introduced into the subchondral bone and marrow with
microfracture4,5. The equipment is standardized and the
costs are minimal since expensive cell cultures are not nec-
essary. Unlike osteochondral, perichondral, periosteal or
chondral autograft procedures the problem of a harvest
site morbidity is excluded6.
The intervention leads to a spontaneous repair response,
which is based upon therapeutically induced bleeding from
the opened subchondral bone spaces and subsequent
blood-clot formation7. Knutsen has compared in a recent
study the histological results after microfracture and autolo-
gous chondrocyte implantation (ACI). The predominant re-
pair tissue after microfracture was ﬁbrocartilage. For the
small number of biopsies and the short-term follow-up of 2
years there was no signiﬁcant difference in the histological
results after ACI8,9. Furthermore animal studies have shown
that the tissue formed after microfracture is ﬁbrous in na-
ture10 and not durable11,12. Therefore a long-term cure can-
not be expected from the performance of this marrow
stimulation technique.
Regardless of these poor biomechanical prerequisites
recent studies with long-term follow-up over 10 years119
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deterioration over the time. However these studies are
only functional outcome case series of patients with chon-
dral lesions, based on special self-administered question-
naires sent to the patients after surgical intervention4.
There is only one prospective study with a 2-year follow-
up and a serial objective observation by clinical and histo-
logical evaluation9.
The present prospective study is based on scores with
a continuous objective patient evaluation including control
MRI’s over a period of 36 months.
Patients and methods
Between 1999 and 2002 a total of 85 patients with full-
thickness chondral defects of the knee underwent the
microfracture procedure. Thereof 70 patients (33 males,
37 females) with an average age of 39.5 years (range
19e55 years) met the inclusion criteria (below). Depending
on the localization of the defects (femoral condyles, troch-
lea, tibia or retropatellar) the patients were assigned to
four different groups. Thirty-two patients had defects on
the femoral condyles, 16 on the trochlea, 11 on the tibia
and 11 on the patella. Regarding the different parameters
the four groups were relatively homogeneous: the average
age ranged between 38.5 and 41.6 years, the body mass
index between 25.2 and 26.4 kg/m2 and the defect size
between 2.0 and 2.39 cm2. The details of the four study
groups appear in Table I.
INCLUSION CRITERIA
The criteria for inclusion were full-thickness chondral
defects grade III A,B according to the International Cartilage
Repair Society (ICRS)-classiﬁcation system13 (International
Cartilage Repair Society); that includes lesions extending
down to the calciﬁed layer (IIIB) but not through the subchon-
dral bone plate (IIIC). The intact subchondral bone plate was
detected preoperatively with an Magnetic resonance imag-
ing (MRI), showing no subchondral edema or damage to
the bone and intraoperatively with a probe by arthroscopic
palpation. The lesions were sized between 1 and 4 cm2
and had to be localized in only one of the three knee com-
partments (medial femoro-tibial joint, lateral femoro-tibial
joint or patello-femoral joint). Furthermore the study popula-
tion was limited to patients between 18 and 55 years of age.
EXCLUSION CRITERIA
Excluded were patients with a trauma within the last 4
weeks, varus or valgus deformities with a malalignment
over 5(, limits in knee extension or ﬂexion less than
130(, patella malalignment with medial or lateral shift of
more than 0.5 cm, instabilities of the collateral or cruciate
ligaments, meniscal pathologies, morphine treatment for
more than 3 months, intra-articular corticosteroid injectionswithin the previous month or knee arthroscopy within the
previous 6 months.
STUDY DESIGN
The prospective study with a 36-months follow-up was
conducted to determine the efﬁcacy of microfracture in the
postoperative follow-up. Furthermore we wished to ﬁgure
out if primary good results 6 or 12 months after surgery
remain on the same level or deteriorate after a period of
36 months.
STUDY COURSE
Each patient underwent the same standardized evalua-
tion progress pre-, intra- and postoperatively using the mod-
iﬁed Cincinnati-score (1¼ excellent, 2¼ good, 3¼ fair,
4¼ poor)14 and the ICRS-scoring system (1¼ normal,
2¼ nearly normal, 3¼ abnormal, 4¼ severely abnormal)13.
For this purpose the patients had to answer standardized
questionnaires and were examined by an orthopaedic sur-
geon preoperatively and 6, 18 and 36 months after
surgery. The average follow-up was 36 months (range
34e38 months). Varus or valgus deformities were excluded
by X-ray of the whole leg. The correct patella position was
detected by a routine medio-lateral, patello-femoral and ax-
ial joints radiographs. Furthermore an MRI was performed
preoperatively and 18 and 36 months after the surgical
intervention. According to the classiﬁcation system of
Henderson et al. the following four criteria were evaluated:
defect ﬁlling (1¼ complete, 2 50% of the defect,
3< 50%, 4¼ full-thickness defect), cartilage signal
(1¼ normal¼ identical to the adjacent articular cartilage,
2¼ nearly normal¼ slight areas of hyperintensity, 3¼
abnormal¼ larger areas of hyperintensity, 4¼ absent), sub-
chondral edema and effusion (both graded as 1¼ absent,
2¼mild, 3¼moderate, 4¼ severe)15. Additionally, an over-
all MRI-score was given, corresponding to the worst score in
the four categories. The amount of ﬁll reﬂects the growth of
repair tissue, the signal might be an indicator of maturity of
the graft e especially in comparison to the signal of the ad-
jacent normal cartilage, the subchondral edemamight reﬂect
the attachment to the underlying bone, cartilage tears and
the process of graft remodeling and the effusion is an indica-
tor for chronic irritation or infection of the joint15.
TREATMENT
The microfracture was performed by two experienced
surgeons as described by Steadman et al.1,2, who recom-
mended to debride ﬁrst the exposed bone of all remaining
unstable cartilage using a curette and a full-radius resector
to create a perpendicular edge of healthy well-attached via-
ble cartilage around the defect. After preparation of the bed,
the very small micro-holes were generated with an angular
awl and distributed across the entire articular cartilageTable I
Preoperative patient information: the P-value between the different defect size, defect grade, body mass index and average age of the four
groups was always >0.05 (ManneWhitney-U-test). This makes the four groups comparable
Group Localization
of defect
Number of
patients
Average
age (years)
Male:female Body mass
index (kg/m2)
Defect
size (cm2)
Outerbridge
classiﬁcation
1 Femoral condyles 32 38.7 (19e55) 17:15 25.2 (19e31) 2.02 (1e3) 3.75 (3e4)
2 Trochlea 16 41.6 (26e55) 8:8 26.4 (22e32) 2.31 (1e4) 3.94 (3e4)
3 Tibia 11 39.7 (22e55) 3:8 25.6 (21e29) 2.39 (1.5e4) 3.64 (3e4)
4 Retropatellar 11 38.5 (23e55) 5:6 25.2 (21e29) 2.0 (1e3) 3.73 (3e4)
1121Osteoarthritis and Cartilage Vol. 14, No. 11lesion site, at a distance of 3e4 mm apart and down to
a depth of 4 mm, thus yielding about 3e4 holes/cm2. Thus
the biomechanics of the subchondral bone plate was not
disturbed drastically. Finally the irrigation pump pressure
was reduced to control efﬁcient bleeding from all generated
channels. One drain without suction was placed intra-artic-
ularly to reduce the risk of an arthroﬁbrosis in case of diffuse
bleeding. The drain did not affect the postoperative passive
range of motion since it was already removed on day 1 or 2
after microfracture depending on the amount of secretion.
Postoperative mobilization was started on the ﬁrst day after
surgery with a continuous passive motion machine for
6e8 h/day16. For lesions on the weight-bearing surfaces
on the condyles the initial range of motion was 30e60(
and increased after 1 week as tolerated by 10e20( until
full range of motion was obtained. For lesions of the pa-
tello-femoral joint the ﬂexion was limited with a brace for 2
weeks to 40(, for another 2 weeks to 60( and until the sixth
week after surgery to 90(. The brace prevents excessive
shear forces on the maturing marrow clot. Cold therapy
was used for all patients for 1 week. The patients were
kept in hospital for 2e3 days after the surgical procedure.
Low molecular weight heparin s.c. as well as non-steroidal
anti-inﬂammatory medication were used. Crutch-assisted
touchdown weight-bearing ambulation was prescribed for
6 weeks after the surgical procedure. Afterwards the pa-
tients progressed to full weight-bearing and began a more
vigorous program of active motion of the knee. Crutch
free walking was permitted after 3 months and return to
sports was permitted after 4e6 months depending on the
clinical examination.
STATISTICAL ANALYSIS
Descriptive statistics during follow-up (arithmetic mean,
standard deviation, range) were calculated using standard
formulas. Baseline clinical scores were compared with fol-
low-up data by paired Wilcoxon-tests and Friedman-tests for
the modiﬁed Cincinnati knee score and the ICRS-score.
The effects of patient age, body mass index, location, grade
and size of lesion were assessed using Pearson correlation
with post hoc independent samples ManneWhitney-U-test.FurthermoreMRI-characteristics and clinical scoreswerecom-
paredusing theSpearmancoefﬁcient of correlation17.All statis-
tics were performed with SPSS and reviewed by an
independent statistician.
Results
All surgical procedures were performed without complica-
tions. Postoperatively, there were two patients with a tempo-
rary tingling around the arthroscopic portals, which
disappeared completely after 3 months. Seven patients
had a persisting effusion over 4 weeks that had to be
treated with knee elevation, anti-inﬂammatory medication
and cool dressings. There were no patients with postopera-
tive infection or limited range of motion.
There was a signiﬁcant improvement in all groups
between the preoperative scores and the scores at ﬁnal fol-
low-up (P< 0.0001). The Pearson coefﬁcient of correlation
between both scores (overall) was 0.81. However the
Cincinnati-score improved more as the ICRS-score
(P< 0.0001) (Table II). The Cincinnati-score increased in
group 12.34 0.87 points, compared to 1.06 1.29 points
in group 2 and 1.45 0.98 points in groups 3 and 4. Re-
garding the ICRS-score the patients of group 1 improved
Table II
ICRS- and Cincinnati-score preoperative and after 36 months in the
four groups. Patients of group 1 improved significantly more (P<
0.02) as patients in group 2, 3 or 4. Thirty-six months after micro-
fracture the Pearson coefficient of correlation between both scores
(overall) was 0.81
Group Average
ICRS-score
preoperative
Average
ICRS-score
after
36 months
Average
Cincinnati-
score
preoperative
Average
Cincinnati-
score after
36 months
1 3.53 0.51 2.13 0.75 4.0 0.0 1.66 0.87
2 3.88 0.34 3.06 1.0 4.0 0.0 2.94 1.29
3 3.91 0.3 3.0 0.77 4.0 0.0 2.55 1.04
4 3.64 0.5 2.91 0.83 4.0 0.0 2.55 0.93
Overall 3.69 0.47 2.6 0.92 4.0 0.0 2.23 113Table III
(a, b) Course of the ICRS- and Cincinnati-score between preoperative, 6, 18 and 36 months after microfracture. Listed is always the score-
delta D (with its P-value) between two intervals. Significant deterioration (in bold type) occured in both scores in all groups between 18 and 36
months postoperative except the patients of group 1. However regarding the whole study period of 36 months all groups improved significantly
in both scores
Group Improvement between preoperative and
6 months postoperative
Improvement between 6 and
18 months postoperative
ICRS-scoreD (P-value) Cincinnati-scoreD (P-value) ICRS-scoreD (P-value) Cincinnati-scoreD (P-value)
1 0.91 (<0.0001) 1.94 (<0.0001) 0.96 (<0.0001) 0.21 (¼0.008)
2 0.5 (¼0.005) 1.5 (<0.0001) 1.0 (¼0.001) 0.25 (¼0.046)
3 0.9 (¼0.002) 1.82 (¼0.002) 0.73 (¼0.005) 0.09 (¼0.317)
4 0.91 (¼0.015) 1.73 (¼0.002) 0.64 (¼0.008) 0.09 (¼0.56)
Overall 079 (<0.0001) 1.79 (<0.0001) 0.86 (<0.0001) 0.18 (¼0.001)
Group Deterioration between 18 and
36 months postoperative
Improvement between preoperative and
36 months postoperative
ICRS-scoreD (P-value) Cincinnati-scoreD (P-value) ICRS-scoreD (P-value) Cincinnati-scoreD (P-value)
1 0.47 (¼0.06) 0.19 (¼0.217) 1.4 (<0.0001) 2.34 (<0.0001)
2 0.68 ([0.013) 0.69 ([0.022) 0.82 (¼0.006) 1.06 (¼0.01)
3 0.73 ([0.005) 0.46 ([0.013) 0.91 (¼0.008) 1.45 (¼0.008)
4 0.82 ([0.007) 0.37 ([0.046) 0.73 (¼0.046) 1.45 (¼0.005)
Overall 0.56 (<0.0001) 0.2 (¼0.059) 1.09 (<0.0001) 1.77 (<0.0001)
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more (P< 0.02) compared to patients of the other three
groups (Table III) .
With respect to the follow-up intervals the patients im-
proved from preoperative to 6 months and from 6 to 18
months after microfracture (P< 0.05) (Fig. 1). However in
groups 3 and 4 there was no more signiﬁcant improvement
in the Cincinnati-score in the second interval. In the third in-
terval between 18 and 36 months after microfracture the
course of both scores changed (Fig. 2). There was signiﬁ-
cant deterioration of the ICRS- and the Cincinnati-score in
groups 2, 3 and 4 (P< 0.05). Only the patients of group 1
revealed neither a signiﬁcant improvement nor a signiﬁcant
deterioration in both scores (P> 0.06) (Table III). However
the older patients over 40 years of group 1 (n¼ 16) deteri-
orated signiﬁcantly in the ICRS-score (P¼ 0.005). In this
group younger patients (less than 40 years old; n¼ 16)
had a signiﬁcantly better clinical outcome than did older pa-
tients (P¼ 0.008) (Figs. 3 and 4).
MRI 36 months after surgery revealed best defect ﬁlling in
group 1 (Fig. 3) with signiﬁcant difference when compared
to the other groups (P< 0.02) (Table IV). The Pearson
Fig. 1. Diagnostic arthroscopy 12 months after microfracture. The
defect is ﬁlled with repair tissue, completely integrated and in level
with the surrounding cartilage.
Fig. 2. Diagnostic arthroscopy 3 years after microfracture. The
repair tissue is soft and degenerated with large ﬁssures and loose
cartilage ﬁbers.coefﬁcient of correlation between defect ﬁlling and ICRS-
score was 0.84 and signiﬁcant at the 0.01 level. The clinical
scores 36 months after microfracture correlated best with
the overall MRI-score and the MRI parameter ‘‘defect ﬁlling’’
(Table V).
Discussion
Recent studies have revealed promising results after
microfracture. In this context Steadman et al. described im-
proved function in 95% of their study population with
a mean follow-up of 11.3 years1. There was signiﬁcant im-
provement in patients’ ability to do activities of daily living,
strenuous work and sports from preoperative scores to
scores obtained during follow-up after surgery. These re-
sults were astonishing since microfracture (as well as Pridie
drilling and abrasion arthroplasty) belongs to the classical
marrow stimulation techniques that involve surgical access
to the bone marrow spaces underlying regions of damaged
articular cartilage and thus promote resurfacing with
Fig. 3. Sagittal T1-weighted MRI (repetition time, 567 ms; echo
time, 15 ms) of the right knee of a 32-year-old woman 3 years after
microfracture; the defect is completely ﬁlled and the signal of the re-
pair tissue is identical to the adjacent articular cartilage. The former
lesion is marked with two arrows.
Fig. 4. Sagittal T1-weighted MRI (repetition time, 572 ms; echo
time, 15 ms) of the right knee of a 48-year-old man 3 years after
microfracture; on the medial femoral condyle is a full-thickness car-
tilage defect with no more repair tissue and a subchondral edema.
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MRI 36 months after surgery: the best defect filling could be detected in group 1 with significant difference when compared to the other groups
(P< 0.02). The Pearson coefficient of correlation between defect filling and subchondral edema was 0.89 and significant at the 0.01 level
Group Defect ﬁlling Subchondral edema Cartilage signal Effusion Overall MRI-score
1 1.69 0.74 1.50 0.62 1.63 0.61 1.31 0.47 1.78 0.71
2 2.56 0.96 2.31 0.96 2.31 0.94 1.88 0.62 2.56 0.96
3 2.64 0.92 2.55 0.93 2.55 0.93 2.36 1.03 2.64 0.92
4 2.55 0.93 2.45 1.04 2.36 0.92 2.18 0.98 2.64 1.03
Overall 2.17 0.95 2.0 0.93 2.04 0.88 1.74 0.81 2.23 0.94predominantly ﬁbrocartilaginous repair tissue of inferior
quality. In this context a ﬁbrous type of cartilage tissue
has been found in rabbits3,10,18 and dogs19 that underwent
abrasion chondroplasty20. The histological ﬁndings were
identical in laboratory experiments with rabbits that under-
went Pridie drilling21 or canines treated with microfracture22.
There are only few studies that examine the durability of
ﬁbrous cartilage. In rabbits subjected to Pridie drilling, repair
tissue endured for a longer period than did in animals
treated by abrasion chondroplasty3. This may be due to
the preserved subchondral bone plate between the drill
holes with its biomechanical characteristics23. Shapiro ex-
amined the durability of ﬁbrous tissue in 122 New Zealand
white rabbits over a period of 48 weeks11. He found pro-
gressive differentiation of mesenchymal stem cells in full-
thickness drilled defects of articular cartilage in ﬁbroblasts,
osteoblasts, articular chondroblasts and chondrocytes
within the ﬁrst 12 weeks. However between 24 and 48
weeks after surgical intervention progressive failure of ap-
parently well healed cartilage occurred. Reason for the
worse durability was the lack of physical and chemical
bonding between the macromolecular components of the
repair tissue and the residual adjacent cartilage allowing mi-
cromotion and macromotion between them. Furthermore he
found that the repair cartilage over the re-established prom-
inent tidemark was only half as thick as the surrounding
original cartilage. Since bone is more than 1000 times stiffer
than cartilage the thin and soft repair tissue is predisposed
to degenerate over the hard and hypertrophic subchondral
bone plate11,24,25 (Fig. 5). These results could be conﬁrmed
by a recent sheep study with microfracture of created carti-
lage lesions. The initially well formed repair tissue degener-
ated over a stiff and hypertrophic subchondral bone plate
after a period of 12 months12. Similar results could be de-
tected in a recent prospective cohort study with microfrac-
ture of 48 isolated cartilage defects of the femur: MRI
evaluation revealed osseous overgrowth in 25% of the pa-
tients and persistent gaps between the native and repair tis-
sue in 92% of the microfracture repairs26. In the control
MRI’s of our study population we detected an osseous over-
growth in 19 of all 70 patients.
These results conﬁrm and may explain the outcome of
our study: good results with high score levels after 6 and
18 months deteriorated after the study period of 36 months.
Table V
Pearson coefficient of correlation between MRI-characteristics and
the clinical scores 36 months after microfracture. The defect filling
and the overall MRI-score correlated best with the clinical symp-
toms. All correlations were significant at the 0.01 level
Score Defect
ﬁlling
Subchondral
edema
Cartilage
signal
Effusion Overall
MRI-
score
ICRS 0.84 0.76 0.76 0.71 0.85
Cincinnati 0.87 0.77 0.75 0.69 0.85However also the population of Steadman’s study
included patients without improvement: 17% considered
the pain in their knees unchanged as compared with the pre-
operative status and 4% considered the pain worse postop-
eratively; 53.5% of all patients reported about mild and
14.1% about moderate pain. Swelling decreased from preop-
erative scores up to year 3 but did not change from years 3
through 7. Seven percent of all knees had to undergo a sec-
ond surgery for persistent swelling and discomfort1.
This heterogenity in outcome between worse and excel-
lent results over more than 10 years could be explained
by some factors inﬂuencing the ﬁnal result: until now the
structure of the tissue formed after microfracture is still un-
clear. Recent histological studies in an equine model have
shown the microfracture repair cartilage to be not only ﬁ-
brous but a mixture of ﬁbrocartilage (48%) and hyaline
cartilage (20%)27. Knutsen found in a randomized trial com-
paring microfracture and ACI more ﬁbrous as hyaline carti-
lage in the histological evaluation of biopsy specimens
taken during a second-look arthroscopy after microfracture.
Fifty percent of the biopsies in the ACI group showed some
hyaline tissue. For the small number of biopsies and the
short-term follow-up of 2 years there was no signiﬁcant dif-
ference in the histological results between both groups9.
Peterson found in his ACI-study 80% hyaline cartilage in
the biopsies, analysed by independent pathologists28,29.
In the study of Brittberg et al., 11 of 15 patients had ‘‘hya-
line-like cartilage’’ after ACI30. Frisbie et al. found 70%
type II collagen at 1 year after microfracture, however the
aggrecan content was less than ideal27. The described dif-
ferences in the structure of the repair tissue may lead to dif-
ferent results because of changing biomechanical qualities:
the stiffness of hyaline cartilage is 3.07 N , of hyaline-like
cartilage 2.77 N and of ﬁbrous cartilage 1.27 N31. Glaser
and Putz have shown that the reduced stiffness of
Fig. 5. Intralesional osteophytes as result of osseous growth into the
defect site aftermicrofracturewith thinning theoverlying repair tissue.
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to progressive osteoarthritis32.
Besides the quality of the repair tissue some other factors
may inﬂuence the result. An age over 35 years1, atrophic
muscles with insufﬁcient knee stabilization and missing
continuous passive motion16,18,20,33 turned out to be disad-
vantageous. Compared to Steadman’s patients our study
population was less sportive and the mean age was higher.
Furthermore our patients underwent serial objective obser-
vation instead of a subjective evaluation by questionnaires.
Finally the ICRS-score is more critical as the Cincinnati-
score since the lowest grade within a group determines
the group grade.
These factors may explain the deterioration of results in
our study group compared to Steadman’s study group.
For the disappointing results after microfracturing patello-
femoral chondral lesions, we tend to perform alternative
treatment methods in this compartment. In chondral lesions
over 2 cm2 we use for the patella different techniques of ACI
and for the trochlea ACI as well or autologous osteochon-
dral transplantation33e36. However all resurfacing tech-
niques may have success only if the biomechanical
properties of the joint with tibiofemoral or patella malalign-
ment and ligament instabilities are considered and treated
as well33,34.
The worse results of patients over 40 years compared to
younger patients may be explained by the reduced regener-
ation capacity of the repair tissue. As stem cells age, their
telomere length, mitochondrial function and their mitotic
and synthetic activity decline, and their responsiveness to
anabolic mechanical stimuli and growth factors de-
creases37,38. For these reasons chondrocyte senescence
contributes to the age-related increase in the prevalence
of osteoarthritis and decrease in the efﬁcacy of cartilage
repair.
Therefore we have limited the indication for the microfrac-
ture procedure in older patients to chondral lesions smaller
than 2 cm2. In larger lesions microfracture might have only
the potential to relieve pain for some years or to delay the
implantation of an endoprosthesis.
Microfracture is a minimal invasive and cheap method
with good short-term results especially in young active
patients with small cartilage defects. A deterioration of the
results starts 18 months after surgery and is most evident
in the ICRS-score. The best prognostic factors have young
patients with defects on the femoral condyles.
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